Purpose: To evaluate the effect of basic periodontal treatment on clinical periodontal parameters associated with abutment teeth of patients with mandibular Kennedy class I removable partial dentures (RPD) 18 months after treatment. Materials and Methods: Thirty patients with periodontal disease were treated and evaluated according to the following periodontal parameters: visible plaque index (VPI), bleeding on probing (BOP), probing depth (PD), gingival recession (GR), clinical attachment loss (CAL), and keratinized mucosa (KM). These parameters were compared between abutment teeth with direct and indirect retainers at baseline, and after 6 and 18 months. Data were analyzed by Friedman Test and Wilcoxon Test for all variables. Results: Most patients (n = 26; 86.7%) included in the study were female and had a mean age of 61 years (±7.54). Results showed that VPI and BOP decreased over time, and that VPI values were higher in abutment teeth with direct retainers (p = 0.001). There was a reduction in PD after 6 months, which was maintained up to 18 months. In general, abutment teeth with direct retainers had significantly higher values for PD, GR, and CAL (p = 0.029). Data also indicated that the parameters for VPI, BOP, and PD improved; however, abutment teeth with direct retainers presented smaller improvements, compared with abutment teeth with indirect retainers, which presented significant improvements for almost all variables. Conclusion: Periodontal treatment and oral hygiene care of patients were adequate for maintenance of adequate periodontal conditions, regardless of the use of prostheses.
Removable partial dentures (RPDs) are commonly used for the rehabilitation of edentulous areas and make an important contribution to a patient's quality of life. 1 These prostheses allow application of conservative prosthodontic principles during treatment and the preparation of oral rehabilitation before denture insertion and represent a rapid and affordable treatment. 2 RPDs help preserve the remaining structures in the mouth, which is one primary objective of rehabilitation; however, the selection, distribution and location of the supporting teeth are also important factors for prosthesis preparation. 3 The presence of an RPD can act as a foreign body in the oral cavity and may hamper the movements of the lips and tongue, in turn reducing the self-cleansing ability of the oral cavity. 4 Another relevant step in oral rehabilitation is evaluation of the periodontal status of these teeth. 5 Some studies have reported on the use of RPDs in patients with periodontal disease. [6] [7] [8] The disease can be present at the time of prosthesis installation or occur after insertion. In both situations, biofilm accumulation is the main etiological factor in the disease. 9 Some authors have demonstrated that the use of partial dentures may increase biofilm formation and consequently increase caries and periodontal disease incidence. [10] [11] [12] Other authors have shown favorable results with moderate degrees of periodontal disease or absence of periodontal disease. [13] [14] [15] However, the presence of this kind of prosthesis, alone, does not cause periodontal disease, as the disease has a multifactorial etiology and is particularly affected by poor oral hygiene and biofilm accumulation. 7 One study evaluated the effect of motivation and maintenance on the reduction in biofilm accumulation, 16 finding no significant differences between groups of patients who received maintenance and those who did not, when evaluating visible plaque index, bleeding on probing (BOP), probing depth (PD), tooth mobility (TM), and gingival bleeding index; however, evaluation of periodontal parameters (oral hygiene, gingival inflammation, PD, and tooth mobility) were slightly improved for patients who had regular follow-up care, compared with those who had not. 17 Other studies have conducted longitudinal follow-ups, and have considered differences between abutment teeth before and after prosthesis installation. 18, 19 In general, these studies have shown significantly worse clinical parameters (plaque index, bleeding, and clinical attachment level) for abutments with direct retainers in patients without periodontal maintenance; however, it cannot be concluded that the worst clinical parameters are observed for those abutment teeth with direct retainers in close contact with prostheses or in those sites that have not undergone periodontal treatment. Longitudinal studies that assess factors related to monitoring patients and evaluate the preservation of the remaining periodontal tissues after prosthesis installation are necessary to obtain more conclusive and adequate results to enable control strategies and maintenance of the prostheses in patients. Considering the alterations in the remaining tissues associated with RPDs, the purpose of this study was to evaluate the effect of basic periodontal treatment on clinical periodontal parameters in abutment teeth with direct and indirect retainers of patients with Kennedy class I RPDs 18 months after treatment.
Materials and methods
A single-arm clinical trial was conducted with 30 patients wearing maxillary complete dentures and mandibular Kennedy Class I RPDs for at least 6 months before initiation of the study. The study was conducted at the Federal University of Rio Grande do Norte, located in Natal -Brazil, and was approved by the Research Ethics Committee of the same university. All volunteers signed an informed consent form describing the purpose, risks, and benefits of the research study, which was registered on the Brazilian Registry of Clinical Trials -Register Number: RBR-97v6f5.
To be included in the study, patients had to be at least 18 years old, had to be using maxillary complete dentures and mandibular Kennedy Class I RPDs and present a diagnosis of chronic periodontitis. Prostheses were made by a single professional specialist before this study protocol and were fitted as described by Carreiro et al 20 The abutment teeth with direct retainers were always the premolars or canines closer to the distal extension areas. They were designed with T-bar clasps with occlusal rests placed on the mesial surfaces. Two types of major connectors were used, lingual plate or lingual bar. Technically, a lingual plate was not an indirect retainer, as it rested on unprepared lingual inclines of anterior teeth. When the lingual plate was used as the major connector, indirect retainers were the terminal rests at the end of the major connector in contact with the cingulum rest at each abutment teeth for indirect retention. When a lingual bar was used as the major connector, the indirect retainer consisted of a minor connector and a rest in the cingulum of the abutment teeth. The indirect retainer components were placed as far as possible from the distal extension base to provide the best leverage advantage against dislodgment. 2 Usually canine or incisor teeth were used for this purpose.
Some adjustments were performed after denture insertion, such as further finishing and polishing to the surface of the prosthesis to be as smooth as possible. Dental professionals also directed patients on procedures for oral and denture hygiene. After denture insertion, those patients who presented probing depth (PD) ࣙ4 mm or clinical attachment level (CAL) ࣙ3 mm in at least one site were diagnosed with chronic periodontitis and were included in this study. 21 Patients were excluded from the study if they had smoked or had systemic disease.
Periodontal parameters of abutment teeth with direct and indirect retainers, such as PD, CAL, and gingival recession (GR) were registered with a William's periodontal probe at six sites per teeth (buccal, disto-buccal, mesio-buccal, lingual, mesiolingual, disto-lingual). Bleeding on probing (BOP) 22 was also registered in a dichotomous (yes/no) manner at six sites for teeth and transformed into percentages for abutment teeth with direct and indirect retainers. Visible plaque index (VPI) 23 was recorded in a dichotomous (yes/no) manner at the four main surfaces of the teeth; these values were transformed into percentages for abutment teeth with direct and indirect retainers, before and after basic periodontal treatment. To determine the keratinized mucosa width (KM), the smallest distance from the gingival margin of the mucogingival junction was registered with a William's periodontal probe for each tooth. The abutment teeth with direct retainers were on each side of the mouth, where the abutment teeth was adjacent to the edentulous areas, while those teeth with indirect retainers were included in the prosthetic design as far as possible from the distal extension bases. A trained and calibrated examiner performed the intraoral physical assessment of the mandibular arch for PD (Kappa = 0.89) and KM (Kappa = 1.00).
After periodontal examination, all patients attended one session of nonsurgical periodontal treatment, which included oral hygiene instructions and motivation using mannequins, scaling, and root planing with curettes and ultrasound in those teeth with supragingival and subgingival biofilm/calculus and periodontal pockets, as well as prophylaxis. Patients were submitted to follow-up at 6 and 18 months after treatment. Periodontal parameters were collected, and periodontal treatment was done in those patients with remaining PD ࣙ4 mm with BOP and biofilm/calculus.
Data analysis
Data were analyzed using SPSS statistics software for Windows (SPSS Inc., Chicago, IL). In this study, patients were considered as their own controls. The mean values of clinical parameters for all sites of abutment teeth with direct and indirect retainers were calculated, and means per abutment teeth were obtained. After descriptive statistical analysis was performed, the normality distribution and variability assessment were determined. As normal distributions were not observed, nonparametric tests were used for VPI, BOP, PD, GR, CAL, and KM parameters. Clinical parameters for intragroup analyses were evaluated by the Friedman test. When there was a significant difference, the Wilcoxon test was used to identify differences between the periods. The Wilcoxon test was also used to compare differences on the clinical parameters between abutment teeth with direct and indirect retainers at baseline and 6 and 18 months after the periodontal treatment (intergroup analysis). All analyses were conducted at a 5% level of significance.
Results
Initially, 70 patients were invited to take part in dental examinations in January, 2015. These patients met the study inclusion criteria and were wearing maxillary complete dentures and mandibular Kennedy Class I RPDs. Of these, 38 patients were diagnosed with periodontal disease and included in the study after providing informed consent. Eight patients failed to complete follow-up, and, thus, 30 patients (78.95%) completed the study. The mean age of patients was 61.07 years (±7.54) (4 men-13.3%, and 26 women-86.7%). Twenty-two patients (73.3%) used a lingual plate as the major connector, and 8 patients (26.7%) used a lingual bar. The average time of prostheses use was 2.8 years (±0.74). All patients showed signs of chronic periodontitis after the first examination. Table 1 shows the intergroup analysis (p1); abutment teeth with direct retainers presented significantly more visible biofilm than abutment teeth with indirect retainers at all examinations. Additionally, in the intergroup analysis, BOP did not present any significant differences; however, intragroup analysis for VPI and BOP showed a significant reduction in both abutment teeth with direct and indirect retainers after 18 months (p2 < 0.05); however, no significant differences were found between 6 and 18 months. Table 2 shows the intragroup analysis (p2). PD decreased significantly in both abutment teeth with direct and indirect retainers, but no differences were found between 6 and 18 months. In contrast, the other parameters did not present significant differences. For intergroup outcomes (p1), PD, GR, CAL, and KM (p < 0.05) presented significant differences, where PD, GR, and CAL at abutment teeth with direct retainers presented higher values both at baseline, 6 and 18 months later. Only KM demonstrated higher values in abutment teeth with indirect retainers.
Discussion
RPDs can represent a less-invasive solution for the treatment of patients presenting partially edentulous mandibles with bilateral edentulous areas posteriorly; however, the configuration of the edentulous arch with the Kennedy Class I jaw can offer more difficulties for adequate prosthetic rehabilitation, mainly due to the dual support system. 2 This study included patients who had chronic periodontitis diagnosed via evaluations at baseline. Abutment teeth with direct retainers presented worse values for periodontal disease than abutment teeth with indirect retainers 18 months after baseline. There were significant differences among the groups, except for BOP, where the baseline values were always the worst. Data presented herein indicated that significant improvements in periodontal parameters occurred at abutment teeth with direct and indirect retainers. In contrast, a longitudinal study did not observe any apparent changes related to periodontal status (PI, BOP) over 25 years, in 30 patients with RPD. 24 The present study observed significant differences in periodontal parameters such as VPI, BOP, and PD for abutment teeth with direct and indirect retainers, and demonstrated the importance of periodontal maintenance therapy after prosthesis insertion. Decreases in BOP and PD signified a reduction in local inflammation; however, PD was not the most adequate parameter for evaluating clinical changes longitudinally after periodontal treatment, since gingival margin measurement was not stable and, therefore, not a fixed reference. CAL was a more appropriate parameter as a fixed point for use as a reference (such as the cement-enamel junction) to allow the evaluation of variations in stability over time. 25 In this study, changes in CAL were not observed; however, a decrease in parameters related to inflammation occurred, indicating that periodontal treatment was effective. Prostheses can act as biofilm retentive factors, although they do not alter periodontal parameters when adequately maintained. Periodontal maintenance therapy has proven to be important to determine the periodontal status of patients, as well as to identify possible local modifications or the requirement for an additional modification of the initial treatment plan.
A previous longitudinal study showed that, depending on the follow-up period, clinical parameters are not significantly affected by the use of an RPD. 16 In another study, PI and BOP presented better outcomes for patients who had regular routine examinations, compared with those who did not, although no significant differences were observed. 17 Differences among the studies may be explained by different methodologies and the different parameters evaluated, the types of prostheses, followup period. and types of groups examined. 7, 16, 17, 24 Amaral et al 18 showed that PD and BOP increased from baseline at 1 year after RPD installation for both abutment teeth with direct and indirect retainers; however, only VPI increased significantly for both. The remaining teeth that were not involved in the prosthesis design were the least affected.
The present study showed that, in all examinations, VPI was statistically higher for abutment teeth with direct retainers than for indirect retainers. Carreiro et al 20 evaluated periodontal parameters 7 years after RPD installation, with no recurrences after 12 months, and observed increased GR, PD, and BOP; however, it was not possible to conclude whether the RPD had caused any damage, as some RPD had required substitution during the period. Mine et al 19 also showed that abutment teeth with direct retainers had significantly worse PI, BOP, and PD values, when compared with the remaining teeth. Another study also reported significant differences in PI, BOP, PD, and GR between abutment teeth with direct and indirect retainers, where the abutment teeth with direct retainers presented higher values than the abutment teeth with indirect retainers. 7 These authors concluded that prosthesis design may play an important role in periodontal status and recommended that the RPD should have a minimum distance from the gingival margin and that good oral hygiene is essential.
Although the results of this study showed significant reductions of 12% and 12.6% in VPI and BOP, respectively, for abutment teeth with direct retainers, and 32.3% and 13.3%, respectively, for abutment teeth with indirect retainers, these final values are relatively high for both abutment teeth. Although periodontal treatment and hygiene instructions may have improved these parameters significantly, it is possible that aspects related to prosthesis design, such as the presence of the clasp and connectors, may have contributed to the higher values for these parameters; however, it was not possible to analyze the influence of connector type on periodontal status.
Notably, most of the periodontal parameters measured at baseline for abutment teeth with direct retainers presented differences after 6 and 18 months. The fact that Kennedy Class I RPDs have free-end areas may explain this finding, as the distal aspect is usually associated with an absence of bone crest. This type of RPD has also been associated with a higher occurrence of periodontal diseases than other types of classification. 26 As such, dentists carrying out oral treatment should consider including periodontal treatment during prosthetic planning, providing patients with instructions regarding oral hygiene and examining local factors. Bars, minor connectors, saddles, and clasps should respect periodontal structures, preventing occlusal and gingival displacement during oral functions. 2 While this type of prosthesis presents some limitations, RPDs have proven to be a viable alternative for the treatment and widely indicated for the rehabilitation of partially edentulous patients as a secure, versatile, conservative, reversible, and relatively low cost option. 24, 27 In addition, RPDs can have a positive impact on oral health, if well planned. 1 As such, treatment strategies that consider signs and symptoms during the periodontal clinical examination of patients are important to provide adequate prosthetic planning and ensure the success of the treatment. Additionally, patient examination and prosthesis preparation should be executed correctly. 28 The principles of treatment planning should be applied based on an individual assessment of the patient. 29 Thus, oral cavity preparation is essential to the success of an RPD after its installation.
Even with the improvements in the periodontal parameters, the results of the present study showed some limitations due to the number of patients. An increase in sample size could mean lower p-values and thus a wider frequency of significant differences between the parameters evaluated. It should also be noted that 86.7% of the patients were female; however, the demand for prosthetic treatment is higher in females (as also observed in other studies) and may be a reflection of the greater female demand for health services. 7, 19, 20 In addition, patient instruction and compliance are necessary for adequate long-term maintenance, reducing the possibility of installation, progression or recurrence of biofilm-dependent disease, such as dental caries and periodontal diseases. The importance of patient education, good oral health habits, and regular appointments with the dentist are even more necessary for patients using RPDs.
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Conclusions
The result of this study suggested the following:
1. Basic periodontal treatment was effective for improving clinical periodontal parameters in patients using RPDs. 2. VPI, BOP, and PD demonstrated reductions after periodontal treatment; however, abutment teeth with direct retainers presented less favorable periodontal conditions, compared with abutment teeth with indirect retainers, despite supportive periodontal therapy. 3. The use of RPDs did not aggravate previous periodontal conditions, during a follow-up period of 18 months, and suggested that the employment of periodontal maintenance for longer periods would be of benefit to such patients.
